Background: Following reports of high prevalence of low back pain (LBP) in young physiotherapists [17-22], we investigated whether LBP was a problem for undergraduate physiotherapy students.
Background
World-wide estimates of lifetime prevalence of low back pain (LBP) vary from 50 to 84 percent [1] [2] [3] [4] [5] [6] [7] . Occupational LBP relates to exposure to workplace hazards [8] and incurs high costs to society in terms of health care, loss of productivity, workplace and family stress, as well as individual pain and suffering [9] [10] [11] . Thus prevention of occupational LBP is a key research concern.
Factors associated with occupational LBP are commonly cited as physical (workplace) and personal (individual) [8, 9] . Physical factors are proposed as heavy physical work, lifting, bending, twisting and static postures [8, [12] [13] [14] , whilst personal factors are described as non-modifiable (age, gender, anthropometry etc) and potentially modifiable (physical fitness, motor control, strength etc) [13] [14] [15] .
LBP is commonly treated by physiotherapists [16] . However, physiotherapists themselves have been reported as being LBP sufferers [17] [18] [19] [20] [21] [22] , with Australian prevalence statistics approximating those from British, Canadian and American surveys (see Table 6for prevalence estimates). Concerningly, all these authors report high LBP prevalence in young physiotherapists (< 30 years) (approximating 30-40%), with up to 60% of LBP events in this age group estimated to result from work-related injuries within the first five years of employment [17, 18, [20] [21] [22] . General population health characteristics in Australia suggest that LBP prevalence for 15-24 year olds, and 25-34 year olds (16%, 18% respectively), which is lower than that reported for young physiotherapists [11] .
Student physiotherapists are potentially exposed to the same LBP occupational risks as graduates, such as poor working postures and frequent manual handling activities, often undertaken in difficult environments and with variable training regarding personal safety [23, 24] . As an example of the risks associated with the physiotherapy occupation, 27% physiotherapy students were reported in one study to have experienced LBP as a direct result of handling patients [23] . In the Australian context, Cromie et al [22] reported from their retrospective survey of physiotherapists' work-related musculoskeletal disorders, that approximately 16% respondents reported LBP commencing during their physiotherapy training, with a further 5.6% physiotherapists reporting LBP that was present prior to training. In light of these reports of student and early career onset of LBP for physiotherapists [17, [20] [21] [22] , and the potential long term costs associated with ongoing LBP [9] [10] [11] , it seems timely to understand physiotherapy student experiences of LBP and the factors that may be associated with its onset. This paper reports on four measures of the prevalence of LBP in student physiotherapists in one Australian university, and considers the association of LBP prevalence with a number of potential risk factors for LBP.
Method

Ethics Approval
Ethics approval for this study was provided by Human Research Ethics Committee of the researchers' academic institution.
Subject Selection
All students who were enrolled by March 2001 in the four year Bachelor of Physiotherapy program at one Australian university were eligible to participate. There were no exclusion criteria.
Instrument (Questionnaire) Development and Testing
Volunteers from all four student year levels were recruited via notices in the student common room, to assist in the construction, content and construct validity testing of the study instrument (see section on Instrument (Questionnaire) Development and Testing). This group specifically had the responsibility of developing questions on educational exposures that they considered were relevant to their training program. There were 15 participants (3-4 from each year level) (eight males, seven females). A separate set of volunteers was also recruited from the fourth-year physiotherapy students to establish the reliability of responses to items in the final instrument (six females, four males randomly selected from 28 respondents).
Cross-sectional prevalence study
All students enrolled in the physiotherapy undergraduate program at this tertiary institution (N = 346) were invited to participate in a cross-sectional prevalence study using the resultant study instrument.
The study instrument Self-administered written questionnaires are the most common method for establishing the prevalence of back pain [25] . Our study instrument sought standard information on gender, age, height, weight, amount and type of all occupational and sporting activities, and current levels of fitness were self assessed as poor, moderate or good. It also included purpose-built questions on exposure to perceived workplace hazards for physiotherapy students. The time frame of 'the past month' for educational exposure was determined by the students who constructed the questionnaire as being relevant to their training program. The educational exposure questions were derived directly from the student focus group deliberations (i.e. educational risks perceived by students themselves) (see previous, and next section). LBP prevalence questions were taken directly from an established instrument (Nordic Back Pain Questionnaire) [26, 27] that captured information retrospectively on lifetime, 12-month, one-month and oneweek prevalence.
Low back pain definition LBP was defined as in the Nordic Back Pain Questionnaire [26, 27] as an 'ache, pain or discomfort in the shaded area whether or not it extends from there to one or both legs (sciatica)'. The shaded area is outlined on a body diagram (see page 3 Appendix 1) representing the area between the 12th ribs and gluteal folds. Information on intensity or frequency of individual LBP episodes was not collected.
Instrument (Questionnaire) Development and Testing
Focus groups were conducted to develop and validate questions about educational exposures specific to physiotherapy students. Iterative procedures were used to reach agreement on content, wording and response construction [28] [29] [30] [31] [32] . The study instrument was then subjected to reliability testing.
Reliability study
Subjects completed the written instrument and handed it to the investigator. They were interviewed within 24 hours by the principal researcher (LN), providing verbal responses to every questionnaire item (asked out of sequence to minimise recall bias). The two sets of responses were in at least 80% agreement (Kappa scores > 0.77) for all but one item. This was the question about educational exposures. Subsequent revision of its wording, and the way in which responses were captured, produced evidence of improved agreement (90%) (Kappa = 0.87) from two telephone interviews on consecutive days with the reliability subjects (see Question 10, Appendix 1). The study instrument is in Appendix 1.
Cross-sectional prevalence study Participation in data collection was voluntary and anonymous, and occurred in early April 2001. To collect data from students in program years 1-3, the principal researcher (LN) attended a nominated lecture at which all students could be expected to be present. Students returned the completed questionnaire before leaving the lecture. The fourth year students however, were all absent from campus on clinical placements, thus the questionnaire was posted to the clinical placement address and returned via reply-paid envelope.
Statistical Methods
Data was analysed using SAS Version 8.2.
Sample sensitivity analysis
Sample sensitivity analysis was conducted post-hoc [32, 33] to determine the adequacy of the sample to provide robust estimates of differences in LBP prevalence (lifetime, 12 month and one-month) across the four year levels with at least 80% power [34] .
Prevalence study
Lifetime prevalence is a general measure of LBP as it takes account of all other measures of prevalence. For instance a student reporting having experienced back pain in the previous week (but not ever before), would also have reported experiencing lifetime LBP, but would not have reported LBP in the past 12 months, or the past month.
Conversely, a student who experienced LBP prior to entering university, but not since, would also indicate having a lifetime measure of LBP, but not LBP in the past 12-months, one-month or one-week. Students who reported LBP as a regular feature of their lives may well report lifetime, 12-month, one-month and one-week LBP. This paper reports on all measures of LBP prevalence because of the differential nature of exposure to the range of variables tested. Table 1 outlines the associations between LBP prevalence measures and the exposure variables chosen for reporting in this paper. Due to the time-period of data capture for exposures, not all were relevant to all LBP prevalence measures. Gender, age, year level of study and length of study were relevant exposures for all measures of LBP. Lifetime occupational and sport participation exposure measures were relevant to lifetime LBP prevalence, but not to more recent LBP prevalence measures. Educational exposures measured over the past month were only relevant to one-month and one-week LBP prevalence. Weight and height were unlikely to be related to one-month or one-week LBP prevalence because of limited potential for change in exposure, but may well be related to 12-month prevalence. On the other hand, the expected major changes to height and weight over a lifetime would reduce the usefulness of these variables as exposures for lifetime LBP prevalence. Self-assessed fitness was potentially relevant to 12-month, one-month and on-week prevalence measures. LBP prevalence data was described by year level (overall and in gender strata), using percentages, risk ratios and associated 95% confidence intervals (CI). Linear analysis for trend in proportions was calculated across the four university year levels, and reported as chi-square for trend statistics and associated p values.
Interpretation and application of predictive variables
Associations between potential exposure variables and the four measures of LBP prevalence were tested using univariate logistic regression models, reporting the associations as odds ratios and 95%CI. Significance of association was detected when confidence intervals did not span 1, and where confidence intervals skimmed 1, these are noted as trends towards significance. Gender, university year level and self-reported fitness were tested as independent categories using the classifications of data collection (See Appendix 1). Being male, being in first year of the physiotherapy program, and having poor fitness were the relevant comparison categories. The effect of age was tested in independent year categories relevant to the sample distribution (18 years and younger [the comparison level], 19 through to 22 years as separate categories, and 23+ years). Preliminary testing of the association with LBP of the edu-cational exposure questions indicated that the data could be dichotomised for each question at 20 hours or less (comparison category) (comprising categories 1-3), and more than 20 hours in the past month (exposure category) (the last four categories). Preliminary analysis indicated that the risk of LBP in the categories of 0, 1-10, 11-20 hours was similar (approximating 1) for all the educational exposure questions. The risk of LBP in the last four categories was elevated compared with the first three, with similar risk estimates across the last four categories. All continuous variables were dichotomised at the median value: length of time spent studying at university divided at 2 years or less as the comparison group, and greater than two years as the exposure group height dichotomised at less than 171 cm (comparison category), 171 or more cm (exposure category) weight at less than 63 kgs (comparison category) and 63 kgs or greater (exposure category) body mass index at less than 21.25 (comparison category) and 21.25 or greater (exposure category).
Occupational exposure was calculated as an index, taking account of the total amount of time (hours) estimated by subjects as being spent in each reported occupation, multiplied by an action category of the occupation [35, 36] (assigned using a modification of the Ovako Working Posture Analysis System [36] ). This provided a cumulative index per subject of action category occupation hours, which was then categorised into tertiles for analysis purposes. Sport was calculated as the cumulative total reported time ever (hours) spent playing each nominated sport, with no difference in ranking given to competition or recreational level of sport. This index was also divided into tertiles for analysis purposes. Dividing index exposure data into tertiles provides a mechanism for assigning individuals into risk categories of high, medium and low, where no other exposure classifications are plausible, logical or commonly used [33, 34] .
Results
Response rates in the prevalence study There was an overall response rate of 72%. Table 2 reports response rates in each year university level, and describes the sample by gender, mean age (SD) and mean length of study (range). The gender-specific response rates were not different from the proportion of males and females enrolled in each year level. The average age of onset of LBP was 16.4 years (SD 2.9 years) with 82% of the incidents associated with initial LBP onset being related to sport.
Sample sensitivity analysis
Considering year level differences in lifetime prevalence over the four years of study, Cohen's tables [34] suggest that at p<0.05, this effect size (0.18) was powered at 89%. Smaller effect sizes were found for differences in 12 month and one-month prevalence over the year levels (0.14 and 0.16 respectively). Cohen's tables [34] indicate that at p < 0.05 the power of this study sample to estimate these differences was 65% and 70% respectively. To produce these same effect sizes with over 80% power would have required a sample of approximately 300. Thus this study sample was appropriately powered to provide robust estimates of differences over the year levels in lifetime prevalence, but less well powered to detect differences in the more recent measures of LBP.
Prevalence Table 3 presents the prevalence of each measure of LBP (95% CI) for each year level, and in gender strata. A trend towards significantly increasing prevalence of all measures of LBP across the year levels was observed overall, and for females (see Table 3 ). The frequency with which LBP was experienced within the previous 12 months overall, and by gender strata, is reported in Figure 1 , highlighting that most commonly, LBP was suffered between one and seven days in the previous twelve month period, and that there were no gender differences in the frequency with which LBP was suffered.
Considering subjects' responses to all categories of LBP prevalence (LBP ever, LBP in the previous 12 months, LBP in the previous month and LBP in the previous week) we found that 30.8% subjects reported never having experienced LBP, 5.2% students reported experiencing LBP earlier in their life, but not in the last 12 months, 19.6% students reported LBP within the past 12 months (but not in the last month), 17.6% students reported experiencing LBP in the past month (but not the past week), and 27.2% students experienced LBP in the past month as well as the past week. Table 4 illustrates that, compared with the first year students, all other year levels of students incurred significantly elevated risk of one-week prevalence of LBP. The fourth year students also demonstrated significant elevation of risk for all other measures of LBP (lifetime, 12-month, one-month as well as one-week prevalence).
Year level and gender exposure
There were differences in gender-specific risk of LBP.
Females in fourth year sustained a significantly elevated risk of all measures of LBP compared with first year females, whilst there was no difference in risk of any measure of LBP for males in these year levels. In contrast, males in second and third year showed a consistent increase in risk in most measures of LBP compared with first year males, whilst females in second and third year levels generally showed no difference in LBP risk. The significant increase in one-week prevalence in second year females compared with first year females may reflect a chance finding, or an artifact of the data.
The significance of the overall, and gender-specific findings needs to be interpreted with caution due to the low number of third year students overall, and the low number of males in the second and third year levels. Moreover, whilst these analyses suggest a significantly increased LBP risk once students complete first year, the general overlap in confidence intervals in years 2-4 of the physiotherapy program for all measures of LBP (overall, and in gender-strata) suggests a non-significant year-byyear increase in risk after first year. Table 5 reports on the association between LBP and proposed exposures, highlighting in bold the associations that were significant, or trended towards significance (where confidence intervals skimmed 1). Four were of note.
Putative exposures
Age
Students aged 20 and 21 years demonstrated significantly higher risk of all measures of LBP compared with the youngest students (18 years or younger). Gender-specific analysis confirmed the elevated risk for males in both age groups across all measures of LBP prevalence, but females 
Length of study
Length of university study was significantly associated with lifetime, 12-month and one-month prevalence of LBP, with students reporting LBP being involved in tertiary study for significantly longer. Analysis of the 12-month prevalence data is most meaningful in this instance. Overall, students reporting LBP in the previous twelve months had been studying at university on average for 1.5 years (SD 1.3), which was significantly longer than those without LBP in the previous 12 months (1.0 years (SD 1.1)) (independent Student t-test p-value 0.001). The importance of this finding continued in gender-specific analysis, where for females, the length of total study for students with 12-month LBP prevalence was 1.4 years (SD 1.3) compared with non-LBP sufferers (0.9 years (SD 1.1) (independent Student t-test p = 0.02)). For males, the length of university study for 12-month LBP sufferers was 1.8 years (SD 1.3) compared with non-LBP sufferers (1.2 years (SD 1.2) (independent Student t-test p = 0.03)). This concurs with the previous findings of LBP risk in the university year levels.
Exposure to educational activities
Exposure to the educational activity of 'sitting looking down' for more than 20 hours in the past month was significantly associated with reports of one-month prevalence of LBP. 'Treating patients' for more than 20 hours in the past month was associated with reports of one-month, as well as one-week prevalence of LBP. When considered in gender-specific strata: The frequency of LBP reported in the context of 12 month prevalence of LBP Figure 1 The frequency of LBP reported in the context of 12 month prevalence of LBP the finding regarding treating patients for one-week LBP prevalence did not retain its significance for either males (OR 2.0 (95% 0.7-6.5) or females (OR 2.1 (95% 0.9-4.8)).
Discussion
This is the first known study that reports on LBP prevalence and associated exposures in undergraduate physiotherapy students in one Australian tertiary institution. The findings of this study suggest LBP is a reality for many physiotherapy students, and it could be proposed that new graduates from this sample may now be entering the workplace with existing LBP.
Response rates
The response to this survey was reasonable, with the third year student response being attenuated by poor attendance at the data-collection lecture (although over 90% of the third year students who attended the lecture completed the questionnaire). The non-responding students were unable to attend the data collection class because of delays in earlier classes. There was no reason to suspect that the non-responders in any year level would have completed the survey differently than the responders. There is high academic criteria for entering this program, and the highly competitive nature of assessment suggests that all students are similarly committed to the study requirements of their program year. Moreover, the response rate gender-proportions were no different from the gender-proportions of enrolled students in each year level, suggesting no systematic bias in respondents.
Although there were differences in data collection methodology, we do not believe that this influenced the results, as the study instrument, instructions and time frame were the same for all students. The response rates by the fourth year students to the mailed survey did not differ from the response rates of the other students who completed the questionnaire at the end of a lecture. Sensitivity analysis [32, 33] indicated that the sample was sufficiently powered to provide robust estimates of difference in lifetime prevalence across the year levels, although it was less well powered to detect differences in more recent estimates of LBP prevalence.
LBP prevalence
The lifetime prevalence of LBP for student physiotherapists in this study is generally higher than that reported in studies on graduate physiotherapists in Australia or internationally (see Table 6 ). These differences may well relate to the focus of comparison studies on work-related LBP only (using different descriptions of LBP), and collecting LBP experiences from older physiotherapists, which may attenuate the high prevalence of LBP reported by students or young graduates. However, the reported 12-month prevalence in our study is similar to that reported by Cromie et al [22] , an Australian study using a similar definition of LBP, and measuring 12 month prevalence of LBP in binary terms. This suggests that once LBP is first experienced, it is a common feature of life for many physiotherapy students and graduates.
Age
In our sample, being aged 20 or 21 years was a significant contributor to LBP prevalence. Considering those students who progressed through the physiotherapy program immediately after leaving high school (aged 17-23 years), the relationship between age and length of study was lin- ear (r 2 = 0.21). Thus, the 20-21 year old students would generally be in the final year of the physiotherapy program, and these findings concur with the elevated risk of LBP for the fourth year students compared with the first year students. However, the association with length of study for all subjects in the sample (from 17 to 35 years) is less convincing (r 2 = 0.09), as eight percent of students aged 22 and over years commenced study after a number of years in the workforce (on average 6.7 working years (SD 2.4)). The average length of tertiary study for these mature aged students was 1.8 years (SD 1.6). Thus, we contend that while the older students may have been exposed to greater occupational and sport lifetime hazards than their younger counterparts, they may consequently have developed an enhanced ability to withstand workplace injury risk [21] [22] [23] [24] .
Occupational, sports and educational exposures Our study found no association with any prevalence of LBP of lifetime recalled cumulative sporting and occupational exposures. Although these exposures were significantly and positively associated with age (r 2 values of 0.56 and 0.61 respectively), the method of capturing and calculating exposure may well have attenuated potential associations. Physiotherapy students are believed to be involved in a variety of employment whilst studying, and many of the mature aged students worked at a range of occupations prior to entering the physiotherapy program.
The significance of the association of the educational exposure 'treating patients' at one-month and one-week LBP prevalence is related to increasing years of study only in the sense that none of the first or second year students reported this exposure. This concurs with the structure of the undergraduate physiotherapy program in the participating institution. There was also no increase in risk related to 'sitting looking down' across the years of study, as the students' year of exposure to the physiotherapy program was not significantly related to the association between this educational exposure and LBP in the previous month. Despite being reported to be an important element in undergraduate physiotherapy education [23] , manual handling was not specifically measured in this study as an educational exposure. The survey questions related to educational exposures were generated by the students themselves (during the focus groups that developed and validated the questionnaire). The educational questions were based on student perceptions of their common educational activities. Only one educational category, 'treating patients', potentially contained elements of the variable working postures and manual handling activities that are associated with patient care [23, 24] . Question construction in this survey potentially highlights students' limited knowledge of workplace exposures.
The strong association between educational posture of 'sitting looking down' and one-month prevalence of LBP suggests that exposure to general undergraduate university student experiences could contribute to student physiotherapist LBP. Thus, further studies are required to test the prevalence of LBP in other undergraduate student groups. Important educational exposures could well incorporate aspects of university life that were not measured in this study, such as repeated exposure to (for instance) poor sitting and standing postures, stress, frequency and severity of injury, eating and recreational habits. It seems important therefore to further test in controlled comparison studies, whether physiotherapy students are more at risk of LBP than any other group of university students when undertaking educational activities.
Potential measurement error
Quantification of exposure, and measurement error in estimating exposures to educational activities, occupation and sport and fitness levels needs to be considered, as the associations with LBP may have occurred by chance, and may reflect artefacts in our estimation of risk. Further research is required to develop better measures of undergraduate physiotherapy training exposures, lifetime occupational and sports exposures, and a better understanding of the forces on the spine resulting from these exposures related to LBP. This study may also have been improved had we been able to quantify exposure to recognised physical risk factors for adult LBP in the undergraduate educational setting (such as twisting, lifting, manual handling etc), and to determine intra-and inter-individual variability in these activities [22, 24, 41] . The characterisation of exposure to workplace factors is however, frequently constrained by the multiple physical demands of many workplace tasks, whose inter-relationships are not well understood [26, 35, 36] . Moreover, comparisons of selfreported questionnaire assessments with observational data have shown poor agreement for factors such as the average duration of time spent standing, sitting, lifting and bending and/or rotating the trunk [35] [36] [37] 42] . Thus it appears that questions on duration of time spent in particular occupational positions may be difficult to answer accurately using any current data collection approach.
Commencement of LBP
It is of note that most LBP in our sample was reported as commencing in mid-teens, with the most common onset related to sport. As the teenage years are often a time of intense physical growth [39, 40] , the potential for lifetime experiences of LBP to commence at this time needs to be carefully considered with a view to reducing adulthood LBP incidence. Thus, a better understanding is required of how age-related experiences, environmental factors, physical activity and individual physical growth relate to LBP, before the effect of 'age' alone can be understood. In retrospect, we should have asked for more recent information about sport and occupational exposures that could have allowed us to calculate not only lifetime exposure for both measures (for association with the lifetime LBP measure), but more recent exposures to correlate with the relevant LBP prevalence measures. In this way we may have gained a more robust understanding of LBP related to sport and occupation.
Time frame of data collection
Ideally in studies such as this, data should be collected at the one point in time, and in the same manner, to ensure the same length of exposure to the demands of each physiotherapy student year, and the same potential for error (or bias) in response. This was not possible for this study due to timetable constraints. We recommend that future surveys of this nature should be conducted at the end of the student year, possibly in examination week. This would ensure a full year of educational exposures for each year level and recognition by students of all likely workplace occupational exposures, thus enabling all students to have the opportunity to participate in data collection in the same manner at the same time.
Conclusion
LBP was experienced regularly by a significant number of physiotherapy students in each year level of one university undergraduate training program. The risk of LBP for students in years 2-4 of the program was significantly greater compared with that for students in the first year of the program. Students aged 20 and 21 were more at risk of LBP than younger or older students. Students aged 20-21 mostly reflected those students who had entered the physiotherapy program straight from high school, and were in the final year of the program. They had thus been enrolled in the undergraduate program for the longest. Concurring with this was that students with more than two years of tertiary education were significantly more likely to experience LBP in the previous 12 months than students with less exposure. Educational exposures of 'sitting looking down' and 'treating patients' were related to recent occurrence of LBP.
It thus seems sensible that training is offered at the commencement of the first year of the physiotherapy program on profession-specific and personal aspects of occupational health and safety. On the basis of the data presented in this paper, the high frequency of LBP reportedly suffered by young graduate physiotherapists, and the high personal, medical and societal costs of workplace injury, every effort should be made to ensure that graduates enter the physiotherapy profession not only with minimum experience of LBP, but also being aware of the risks entailed in working in the physiotherapy profession. Given that 'sitting looking down' could also be a risk factor for LBP for other university students, further investigation of LBP causes in university students is required. It may well be found that all undergraduate students require similar instruction related to their chosen profession.
